To evaluate the role of pedicle occlusion on the viable area of a skin island flap.
Introduction
Flap surgery has become a routine technique in modern plastic surgery and has allowed reconstruction of wounds defects around the world. In fact, the possibility to transfer skin and subcutaneous tissue has greatly improved the restoration of tissue defects following oncological resection, congenital malformations or major traumas
Basically, a flap is defined as an area of tissue that can be transferred and survives in its new location based on vascular pedicle. It is known that the initial survival of a skin island flap is determined by its vascular pedicle patency 1, 2 . However, during the postoperative period there is the phenomenon of physiological neovascularization by means of neovessels derived from the surgical site and adjacent tissues. Thus, the critical point is the blood supply and the outcome can result in partial/total necrosis, and thereby resulting wound healing problems 1, 2 . In skin flaps, an extended island exhibits an increasing gradient of ischemia and consequent regional tissue necrosis toward their distal margins 3, 4 .
In fact, this aspect may occur for a variety of reasons including insufficiency of blood supply secondary to mechanical obstruction of the pedicle (artery, vein or both), or ischemia-reperfusion injury, which occurs when blood flow is re-established to ischemic tissues 4 . Since complications related to flap transfer occur at a significant incidence, accurate assessment of flap status and the ability to determine whether or not it will survive is crucial 1, 2 . Thus, understanding the events responsible for ischemia injuries helps us achieve better results in reconstructive surgeries, minimizing surgical morbidity. 
Flap dissection
The incision was made on the region from the borders marked on the skin to the aponeurotic plane, except for the inguinal region, where only the skin was incised, followed by dissection of the skin flap on the cranial-caudal direction, with clear sight of the vascular-nervous pedicle, making the procedure safer ( Figures   2-3 ). 
Pedicle occlusion
According to the pedicle vessel occluded, the animals were randomly divided into four groups: 
Assessment of skin flap survival
On the tenth postoperative day, the island skin flaps in all groups were evaluated. Viable skin was defined as a soft, pink, and warm to the touch flap area. Necrotic skin was invariably black and hardened seven days after injury; therefore, the distinction was unequivocal ( In the Group I (epigastric artery occlusion), the flap showed marked cyanosis and congestion and different parts of the flap went on to partial necrosis. In this group, the mean area of necrotic skin flap observed after intervals of two to five days between flap elevation and vessel ligation were 95.2, 60.8, 31 and 3.7 % respectively ( Figure 6 ). In the Group II (epigastric vein occlusion), the mean area of necrotic skin flap observed following the same postoperative intervals were 95.5, 57.6, 19.5 and 5.6 % respectively (Figure 7) . Similarly, in the group III (epigastric vessels, artery and vein occlusion), a 100, 80, 32.4 and 14.9 % of mean area of necrotic skin flap was observed during the same period of follow-up (Figure 8) . These results are summarized in Table 1 . were similar among themselves. However, the comparison with the ligation of group III (artery and vein) was different and with significantly higher incidence of necrosis (Table 3) . In the present study, we utilized the experimental model of 
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. In addition, a silicone sheet is placed in between the abdominal wall and the flap to prevent neovascularization from the recipient bed.
The measurement of the surviving area of the skin flap was performed by the percentage of the original flap area.
Viable skin was defined as a soft and pink flap area and necrotic skin was invariably black and hardened ten days after surgery.
Previous studies used different methods to evaluate the necrosis area and the demarcation line between the health and non-viable tissue [8] [9] [10] [11] 16 . In fact, Sasaki et al. 8 advocated that the demarcation line was determined by midline measurement from base to necrotic border. Contrary, Patel et al. 10 and Emerson et al.
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, utilized the measurement from base to distal dye penetration line to define the survival length of the skin flap. Other studies, the skin survival was determined by measurement from base to most distal vascular filling using radiography 16 .
In our experience and similar as observed by other authors the pattern of skin necrosis rarely is represented by a line perpendicular to the long axis of the flap 5, 12 . Thus, the necrosis evaluation can present some limitations once the area is not always exactly defined. In our sample on the tenth postoperative day the island skin flaps in all groups were evaluated. The flap area was photographed and compared with that recorded on the first day of the experiment. Paper templates measured to the area of the flaps were prepared and utilized to determine the percentage of surviving skin. The images were analyzed by transposition of necrosis and total areas to template and comparison between areas and the mean flap necrosis area was then assessed for all groups.
According to this method, the area measurement was more easily definable and avoided ambiguity introduced by the possibility of equal areas of flap survival may be overlooked because of different particular measurement
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.
Most of previous studies in flap survival following pedicle occlusion and neovascularization utilized the rabbit or rat models 4-13 . However, some variation and conflicting results exists in the survival observed in epigastric flaps in the rat model [5] [6] [7] 13 . In Thus, the author advocates that it is crucial to know how long these new channels take to develop and hence the minimum patency period required of the anastomosed vein. Based on histological analysis the author observed that the revascularization began at the distal wound margin and spread toward the proximal margin.
In addition, they observed vascular channels between the recipient bed and the island flap as early as three days after the procedure.
By the 5 th postoperative day the whole wound margin was crowed with new vessels. Contrary, Serafin et al. 9 in an experimental rabbit ear model, observed that five days were necessary for free flap survival when the vein was occluded. Besides the differences related to the experimental model, location and size of the flap that could partly explain the different result, the authors removed the perichondrium of the ear and electrocoagulated the cartilage in order to avoid revascularization from the recipient bed.
Mcgrath et al. 13 , in an experimental model in Sprague Many factors such vessels anastomoses, state of the recipient bed or animal strain may be invoved in this differences.
Our work substantiates that of McKee et al. 5 and Tsur et al. 6 and clearly defines the ability of an island flap to survive loss of one or both elements of its vascular pedicle with time. In our study, the 
Conclusions
The neovascularization was sufficient to ensure flap survival and independence from the main pedicle (epigastric vessels). In addition, the development of new vessels was adequate to maintain almost total survival of the skin flaps by the end of five postoperative day of pedicle occlusion.
